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Abstract
Charcoal production is one of the major challenges for sustainability management of natural forest in
Ethiopia. The study aimed to quantify the amount of charcoal produced and supplied from Bonga town
surrounding districts and estimate its implications on the environment. Field surveys, household surveys,
key informant interviews and focus group discussions were done to collect charcoal production and
supply data in the study area. The result revealed that on average a total of about 499 and 60728 bags of
charcoal supplied to Bonga town every day and annually from the five major inlet sites, respectively. On
average, 15 tons/day and 5448.8 tons/year of charcoals supplied to Bonga from five inlet sites of Gimbo
and Decha districts. The tops three preferred wood tree species for charcoal production are Millettia
ferruginea (Hochst.) Baker, Ehretum cymosa Thonn and Vepris daniellii (pichi-SerrnolIi) Kokwaro, of
which two are endemic to Ethiopia. About 1,716,372 m3 of green wood, 1,492,497.4 m3 of dry wood and
71,071 trees were required on yearly basis from forest to produce and supply to Bonga town. Furthermore,
14,166.9 tons of CO2 equivalents emitted to the atmosphere per year due to charcoal production and
supply in the study area. Thus, the high dependencies of the local community on the charcoal production
and supply in the study area have negative effects on Kefa Biosphere reserve forest of Ethiopia and emit
huge amount of greenhouse gas (CO2) into atmosphere. Hence, it is important to develop and implement
an eco-friendly strategy that can simultaneously sustain the livelihoods of rural community, energy needs
of urban dwellers and forest ecosystem of the region.

Background
Charcoal is a key source of energy and revenue for households in Africa [1, 2]. In 2015, about 3.7 billion
m3 of wood extracted from forests worldwide, of which about 1.86 billion m3 (17%) used as fuel either
burned directly or converted to charcoal and among the 52 million tons (Mt) of wood charcoal produced
globally, over 62% of it produced in Africa [3]. About 50% of the world's population [4], including at least
80% of Africans, relies primarily on charcoal as primary energy source [5].

In sub-Sahara Africa (SSA), over 80% households in urban use charcoal as a main source of cooking
energy [6]. Ethiopia was among the top ten charcoal producing countries in the world in 2015 [3]. For
example, in 2011 Ethiopia produced about 3.83 Mt of wood charcoal [7]. Moreover, charcoal consumption
has been increasing in most developing countries due to an ever-increasing rural to urban migration [7, 8],
rising in price of modern sources of energy [9], elevated levels of poverty [10] and its reliability,
convenience and accessible for cooking in urban area [11].

Urban areas are the major charcoal consumer and over 80% and 85% of the urban households in sub-
Saharan Africa countries [12] and Africa countries [13] respectively consumed charcoal as source of
energy. Further, consumption of charcoal predicted to be double in sub-Sahara Africa by 2030, with over
700 million Africans relying on it [14]. Over 0.21 million Mt of charcoal is supplied annually in Ethiopia, of
which over 70% of the production is supplied to towns [4].
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Charcoal production has enormous contribution for forest degradation and climate change, with four to
six-fold larger impacts than wood fuel, due to inefficiency of production process [4]. Further, studies
indicated that charcoal making have impact on forest diversity [2] especially on commonly used woody
species [15]. It is responsible for the emission of 71.2 Mt of CO2 and 1.3 Mt of methane in tropics [16].

Alike other part of Ethiopia, firewood and charcoal making are the two most important traditional
household energy source in urban household in southwest Ethiopia [17] and the most important causes
of deforestation in the region [18, 19]. The livelihood of many rural and urban peoples are dependent on
the income from the sale of the charcoal product, yet large scale exploitation of the forest for energy
purposes puts an enormous pressure on the ecosystems and have led to environmental degradation and
climate change [20, 19]. In this regard, the livelihoods of Manjo community in Sheka and Kefa Zone are
highly depends on production and selling of charcoal [21, 19]. Such practices have excessively threatened
about 547 ha of Kefa Forest Biosphere reserve located around Bonga town [22]. For example, in SNNP
region state, about 6.92 kg/household/day of wood equivalent supply for cooking purposes (1.01 million
tons of wood equivalents per annum) with annual deforestation rate of 1.6% (21,866 ha), which
representing the highest forest loss rates in the region [23]. Further, estimates showed that demand for
biomass energy such as charcoal is expected to be double over the next decades in southwestern part of
the country due to lack of alternative energy sources [23]. The upsurge in the charcoal making is mainly
at the expense of large-scale harvesting of wood from the nearby forest [17].

Despite, town demand for charcoal and associated forest removal has been increasing over time in the
study area, yet, no study has been conducted on the charcoal production and supply, and its impact on
environment. Thus, sustainable conservation of the remnant forest of southwest Ethiopia requires
knowledge on the amount of charcoal produced from Kefa Biosphere Reserve forests and supply to the
town in the region, and the most preferred tree species for charcoal production. Thus, the goal of this
study was to quantity the charcoal produced and supplied from Gimbo and Decha districts to Bonga
Town, Kefa zone and its associated environmental impacts in southwest Ethiopia.

Materials And Methods

Description of the Study Areas
The study was conducted at Bonga town surrounding Gimbo and Decha districts, Kefa Zone in southwest
Ethiopia (Fig. 1). It is located at 450 km southwest of Addis Ababa. The area lies between 70˚00'–70˚25'
and 35˚055'–36˚037' latitude and longitude. The study area altitude ranges from 1400 to 2028 m a.s.l.
The major soil types in the study area are Nitosol, Acrisols, Fluvisols, Luvisols and Vertisols [24]. The
annual rainfall pattern is unimodal with a rainy season starts from mid-March to mid -November. Average
annual rainfall depth in Bonga (1779 m a.s.l.) is 1707±216 mm/year and annual reference evapo-
transpiration depth is 1259 ± 12 mm/year [25]. The average air temperature ranges from 12 to 27°C [26].
The total population of Kefa Zone is 1,152,223, of which 565,902 are men and 586,321 women. The
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Bonga town, Decha and Gimbo districts have a total population of 52,910, 165,224 and 121,682
respectively [27].

Sampling and Data Collection Techniques

Sampling Techniques
The study employed both purposive and simple random sampling techniques. Bonga town was selected
purposively since the town is the capital of Kefa Zone with the rapid growth of urbanization coupled with
large population to which large quantities of charcoal have been supplied. In addition, two peri-urban
areas such as Gimbo and Decha districts (where majority of charcoal produced and supplied to Bonga
town) selected again purposely based on preliminary survey and key informant interview with
wholesalers. Further, five kebeles (the smallest administrative unit) were again selected randomly from
Gimbo and Decha districts. Thus, Kayi Kela, Keja Araba, Dakiti and Maligawa kebeles were selected from
Gimbo district, and Shapa kebele was selected from Decha district.

Once the kebeles were identified, a registered master list of households involved in charcoal production
and supply were taken from the kebeles. The four kebeles; Kayi Kela, Keja Araba, Dakiti and Maligawa
kebeles in Gimbo district have 32, 36, 23, and 27 charcoal producer and supplier households respectively,
while the Shapa kebeles in Decha district has 30 charcoal producer and supplier households. Thus, the
total sample respondent households were determined by using the following formula [28], with 95%
confidence level.

Where, n is the number of sample size, N is the total number of household and e is the level of precision
(5%). Accordingly, a total of 108 sample households were participated on this study from the five kebeles.
To determine the sample size of the kebele, proportional sampling technique was employed. Hence, 24,
26, 17, 19, and 22 households were selected from Kayi Kela, Keja Araba, Dakiti, Maligawa and Shapa
kebeles respectively (Table 1).

In addition, purposive sampling was used to select individuals for key informant interview and focus
group discussion. Purposive sampling involves selecting a sample based on experiences or knowledge of
the desired study [29]. Thus, three key informants per kebelefrom district Agricultural and Natural
Resource office, Forest, Environment Protection and Climate Change, and Development Agents (DA), and
five key informants of charcoal retailers from Bonga town was selected for an interview. Participant for
focus group discussion (FGD) was selected from stakeholder organizations (community elders, youth
and women representatives and local kebele administrate). Thus, a total of three FGDs were conducted
per kebele and one focus group contains 6 people from different social group.
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Kebeles Charcoal producer and supplier household Sampled household Proportion (%)

Table 1
Sample size proportion in the sample Kebeles based on number of charcoal producer and supplier HH in

the selected kebeles

Kayi Kela 32 24 22

Keja Araba 36 26 24

Dakiti 23 17 16

Maligawa 27 19 18

Shapa kebeles 30 22 20

Total 148 108 100

Data Collection
Quantitative and qualitative data were collected from household survey, focuse group disscusion and key
informant interview during March-June, 2020. Pre-tasted semi-structured questionaires were used for
household survey study. All charcoal producing kilns were properly dated and geocoded using Garmin
GPS. Furthermore, the number of trees that were used for charcoal production, and species commonly
logged and used for charcoal production were listed and recorded from all the sites with discusion of
chracola producers. The charcoal supply data were collected for 15 consecutive days (15 days*18 h/day 
= 270 hours) during summer season of the year. Each day was divided into three periods, at 6 hours
interval; morning (6:00 a.m–11:59 a.m), afternoon (12:00 p.m–5:59 p.m) and evening (6:00 p.m–11:59
p.m). Those time intervals was selected based on the information collected from key informants and
social group leaders. The charcoal supplied to Bonga town through the major inlets was counted and
weight recorded, whereby the number of supplied charcoal (in bag) and weight of each suplied charcoal
was recorded. Further, the most commonly used wood tree species for charcoal production was first
identified during FGD and then the list of species were given to household respondents for ranking and
confirmation.

Data Analysis
The data collected was validated to get the relevant data from the study. The validated data was coded
for easy classification in order to facilitate tabulation and organization in excel spreadsheet. The types of
tree species, number of trees, and total charcoal supply from five sites and mean weights of the different
sizes of bags of charcoal and their estimated weights summarized using excel sheet. The tabulated data
was then analyzed quantitatively by calculating various percentages.

The ranking the preferences of woody tree species for charcoal by respondents were computed with the
principle of weighted average using the ranking index adopted by previous researcher [30] as:
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Where; Rn = value given for the least ranked level (example, if the least rank is 5th, then Rn = 5, Rn−1 = 4,
R1 = 1, Cn = counts of the least ranked level (in the above example, the count of the 5th rank = Cn, and the
count of the 1st rank = C1.

The amount of carbon emitted to atmosphere due to charcoal production and supply was determined by
using the relationship between charcoal and carbon dioxide equivalents. Thus, the contribution of
charcoal production to climate change was estimated based on a model developed by different authors
[31, 16, 32] as 2.6 kg carbon dioxide equivalent (CO2e) were emitted per kg of charcoal produced. The
number of trees used for producing charcoal was estimated following the methods used by [33] based on
the relationship that 1378 kg of charcoal produced from an average of 18 trees of DBH (diameter at
breast height) with an average of 32 cm. All the collected data was analyzed using descriptive statistics
and SPSS software version 22. The difference in charcoal production and supply among the sites were
compared using least significant difference (LSD) at 95% degree of confidence.

Results And Discussions

Results and Discussions

Socio-economic and Demographic Characteristics
Socio-economic and demographic characteristics of households are important determinants of charcoal
production and supply behavior [34, 35, 36]. Of the total household respondents, 59.3% and 40.7% of the
households were male and female respectively (Table 2). Most (58.3%) of the respondents were in the
age between 25–54 years old followed by 15–24 years old (38%). In this regard, about 96.3% of the
respondents are under active age groups. Further, majorities (81.5%) of the respondents were married and
the remaining are single (8.3%). The education levels of respondents showed that about 77.8% of the
respondents were illiterate, while the remaining are primary school completed. Most of the respondents
have a family size of 3–4 (41.7%), followed by 5–6 family size (27.8). About 39.8% and 38.9% of the
total respondents have less than 1 ha land and landless respectively (Table 2). 
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Table 2
Socio-economic characteristics of household respondents

Characteristics Frequency Percentage (%)

Sex Male 64 59.3

  Female 44 40.7

Age 15–24 41 38.0

  25–54 63 58.3

  Above 55 4 3.7

Marital status Married 88 81.5

  Single 9 8.3

  Divorced 6 5.6

  Windowed 5 4.6

Education Illiterate 84 77.8

  Primary school 24 22.2

Family size 1–2 14 13.0

  3–4 45 41.7

  5–6 30 27.8

  Above 7 19 17.6

Land size Landless 42 38.9

  < 1 hectare 43 39.8

  1–3 hectare 23 21.3

Charcoal Production
In the study area, the process of charcoal production involves identification of trees species, cutting,
sorting of cut trees by their size and diameter, and stack near to the charcoal production site. The wood is
then stacked into a pit or heap on a relatively flat plain up to manageable height and covered with a layer
of grass/ leaves and soil. In this regard, both female and male members of the households were engaged
on both charcoal production and supply activities. In this regard, among the male (64 i.e 100%) and
female (44 i.e 100%) respondents were involved in charcoal production. Similarly, all the female
respondents were involved in charcoal supply, yet 28% of the male respondents were not involved in
charcoal supply (Fig. 2). The absence of males in charcoal supply was due to the charcoal supply by
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other female member of the family. Moreover, [37, 38] reported that both man and women are involved in
charcoal production.

Despite, charcoal production requires physical strength such as moving and positioning large tree logs,
cutting large tree, handling and burning, yet more females from Manjo community are involved in
charcoal production. It might be due to low economy, no to small agriculture land and low social status of
the Manjo community in the social group. Similarly, [19] reported that Manjo community is socially,
economically and culturally marginalized groups. Further, they have weak position in land tenure, and
their livelihoods mainly depend on selling of wood and charcoal from the forest in their vicinity. This is
common in Sub-Saharan Africa (SSA) where poor peoples are often involved in charcoal production [7].

Charcoal production requires effort to travel long distant, and about 84.7% of the charcoal producers
travel > 5 km to reach charcoal production site (Fig. 3A). Since the government prohibits charcoal
production and monitor forest in vicinity, going long distance provides free access for preferred tree
species removal and freedom for charcoal production. Similarly, [39] reported that charcoal producer
travel more than 5 km to find a tree for charcoal production in Somaliland. Further, charcoal production
sites in Uganda are 0–5 km far from producer villages [40].

Charcoal production frequency is one of the important indicators for rate of forest degradation in the
region. The result showed that about 87% and 9.3% of the respondents produced charcoal seven to nine
and four to six times per month respective on each kiln (Fig. 3B). The monthly production cycle is higher
than the report by [40] in Uganda, which is two times per month. The high production frequency suggests
that more trees were removed from the forest on monthly basis for charcoal production, particularly tree
species highly preferred for quality charcoal production was under high pressure in the study area. In this
regard, the key informant report showed that the population of tree species preferred for charcoal
production was rapidly declining on forest sites around the village. Similarly, [41] reported that rapid tree
removal for charcoal production has led to forest degradation and deforestation.

The FGD and key informants report confirmed that charcoal production is increasing from time to time
because of the increases of charcoal demand in the town associated with the rapidly growing coffee and
tea shops in the roadside of urban and peri-urban areas in Kefa Zone. Moreover, lack of alternative energy
sources, frequent power interruption, increasing of human population in the town, accessibility, and
easiness for use and transportation are also factor for the continuing production and supply of charcoal
in the study area. According to [42], the consumption of charcoal as source of energy determined by
various socio-cultural factors like perception, preference, and habit.

The result from the respondents showed that the major drivers for charcoal production in the study areas
were lack of agriculture land (40.7%), lack of alternative income source (19.4%), attractive market price
(15.7%) and high demand for charcoal (9.3%) (Table 3). Furthermore, the key informant interview results
also confirmed that lack of agricultural land, unemployment and poverty, and high price of charcoal
driven households to be engaged on charcoal production. Similarly, [33, 13, 7, 43] reported that lack of
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land, employment, income source, and poverty are the major driving forces for household participation in
charcoal production.

Table 3
Major reasons for household involvement in charcoal production work

in the study areas
Reason for charcoal production Number of respondents (%)

Lack of alternative income sources 19.4

Poverty 10.2

Lack of agriculture land 40.7

High demands for charcoal (energy) 9.3

Attractive market price for charcoal 15.7

Adopting family practice as culture 4.6

Seasonal variability is one of the determinants for magnitude of charcoal production. The result showed
that 68.2% of the respondents reported that charcoal production on the summer (dry season) is higher
than winter (wet season) (Fig. 4). This is due to the presence of suitable weather for tree cutting, tree log
preparation, carbonization process and transportation during the dry season of the year. Similarly, [35]
reported that charcoal production was higher in the dry season compared to wet season in different
African countries. While, 28.2% of the respondents reported that no difference in charcoal production
volume between dry and wet seasons, and 3.5% of the respondents believed that charcoal production is
higher in winter (wet season) (Fig. 4). The FGD result confirmed that higher production during dry season
due to confortable weather during dry season and change of farmers focus to agriculture activity during
the wet season.

Charcoal Supply
The results showed that the five inlet sites were significant different (p < 0.05) on daily and annual
charcoal supplied to Bonga (Table 4). The highest mean daily and annual charcoal supply was recorded
at Keyi Kella and Kej Araba inlet sites. On average, 15 tons/day and 5448.8 tons/year of charcoals
supplied to Bonga town from five inlet sites of Gimbo and Decha districts (Table 4). The annual charcoal
supplied to Bonga was lower than the amount supplied to Addis Ababa city (68, 886 tons/year) [1], to
Maputo (Mozambique) (140,000 tons/year), to Dar Es Salaam (Tanzania) (314,000 tons/year) and
Lusaka (Zambia) (245,000 tons/year) [44], mainly due to the difference in size of city and population
number. Most importantly, the charcoal supplied to Bonga town is at the expense of Kafa Biosphere
reserve forests.
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On average, a total of 499 bags of charcoal having different bag size (small: 10–25 kg, medium: 26–40
kg, and large: 41–50 kg) supplied to Bonga town every day from the five major inlets sites. Of which,
about 140, 168 and 192 charcoal bags were small, medium, and large sized charcoal bags, respectively.
The findings was much lower than the reported by [1], a total of 7549 bags of charcoal having different
bag size was supplied to Addis Ababa on daily basis. The difference is mainly due to the difference in
population, whereby Addis Ababa (capital of Ethiopia), is home for 4.5 millions (2019) people who
depends on charcoal as source of energy for household activities. The annual number of different size
bags of charcoal (small, medium and large) from Keyi Kella and Kej Araba were significantly different (p 
< 0.05) from Dakiti, Shapa and Melligawa sites. The

highest number of medium and large sized bags of charcoal was recorded at Keyi Kella inlet site, while
the highest number of small sized bag of charcoal recorded at Kej Araba inlet site. In general, a total
number of 60,728 bags of different bag size of charcoal supplied to Bonga town annually from five inlet
sites, of which 16985, 20432, and 23311 bags of supplied charcoals were small, medium and large size,
respectively (Table 4).

Table 4
Mean charcoal supply on daily basis to the town through five inlet sits

Charcoal supply
by the inlets sites

Mean daily charcoal
supply to Bonga town
(tons)

Mean annual charcoal supply to Bonga town  

Charcoal
(tons)

Small
bag (n)

Medium
bag (n)

Large
bag (n)

 

Keyi Kella 3.54 ± 0.59a 1291.5 ± 
216.5a

4550.3 
± 
2168.6a

5353.3 ± 
1877.3a

7478.4 
± 
1646.4a

 

Kej Araba 3.43 ± 0.85a 1253.3 ± 
313.0a

4655.8 
± 
2375.9a

4599 ± 
2013.4b

5150.6 
± 2293b

 

Dakiti 2.9 ± 0.47b 1050.7 ± 
172.6b

2830.8 
± 
1058.9b

3755.4 ± 
1404.2c

3885.2 
± 
1577.9c

 

Shapa 2.86 ± 0.41b 1043.0 ± 
150.3b

2384.7 
± 
1102.2b

3633.8 ± 
971.8cd

4088 ± 
1355.9c

 

Melligawa 2.22 ± 0.44c 810.3 ± 
160.9c

2563.18 
± 1137b

3090.3 ± 
1446.7d

2709.1 
± 
1231.6d

 

Over all mean 2.98 ± 0.73 1089.8 ± 
269.2

3396.9 
± 1934.1

4086.4 ± 
1763.6

4662.3 
± 
2304.0

 

Total 15.0 5448.8 16984.8 20431.78 23311.3
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Mean values with similar letter on the column do not have significant difference between them (p < 0.05),
while mean values with different letter on the column have significant difference between them (p < 0.05).
n = number.

The annual total number of large sized charcoal bag supplied on the five inlet sites was greater than the
number of small and medium sized charcoal bags. Following the large sized bags, the number of
medium size charcoal bags was the second supplied to Bonga town (Fig. 5). According to [1] report, high
number of medium sized bags followed by small bag sized charcoal supplied annually to Addis Ababa
city. The number of medium sized bags (1,637,792) reported by [1] was higher than the number of large
sized (69,934) and medium sized (61,296) charcoal bags supplied from five inlets to Bonga town.

More than 90% of the respondents reported that the major means of transportation of charcoal to the
closest Bonga town marketplace was through human labor. While the remaining respondents were
reported donkey as second means of charcoal transportation. In this regard, females play the major role
of supply and selling of charcoal to the marketplace and in return, they buy important basic household
items from the market.

In Ethiopia, charcoal produced from state-owned forests and woodlands, charcoal making is illegal. Thus,
charcoal transportation and supply is determined by time of the day in the study area. The survey results
revealed that there is a significant variation on the inflow of charcoal supplied to the town at different
times of a day (morning, afternoon, and evening). The mean charcoal supply in the morning and
afternoon time are significantly higher than (p < 0.05) from the evening (Table 5). However, no significant
difference in charcoal supply observed between morning and afternoon. Similarly, the total daily charcoal
supply from all the five inlet sites on the morning time (5.7 tons) and afternoon time (5.3 tons) are higher
than evening (3.9 tons) (Table 5). The highest supply in the morning and afternoon may be associated
with the supplier interest to have more time to purchases different household items from the town and to
have enough time to go back to their home. Since it is illegal to openly supply and transport charcoal in
the morning and afternoon time on the town, they hide the charcoal from police and local patrols by
different covering materials like false banana leaf and polypropylene sack. The key informant and FGD
also confirmed that most of charcoals come to the town during morning and afternoon than at evening.
Our finding is in line with [45] reported that, higher proportion of charcoal supplied in the morning than
other time of the day. 
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Table 5
Daily charcoal supply at different time intervals from five inlet sites of

Bonga town
Charcoal supply inlets Charcoal supplied (ton/day)

Morning Afternoon Evening

Keyi Kella 1.43 1.16 0.92

Kej Araba 1.45 1.20 0.79

Dakiti 1.03 1.08 0.80

Shapa 1.04 1.05 0.75

Melligawa 0.80 0.79 0.63

Over all mean (tons/day) 1.15 ± 0.28a 1.05 ± 0.16a 0.78 ± 0.1b

Total (ton/day) 5.7 5.3 3.9

Mean values with similar letter on the column do not have significant difference between them (p < 0.05),
while mean values with different letter on the column have significant difference between them (p < 0.05).

Environmental implications of charcoal production and
supply

Implications On Forest Resources
The wood tree species from where the charcoal produced determines the market price of the charcoal and
charcoal burning efficiency. According to the respondents, the major eight most preferred tree species for
charcoal production in ranks are Millettia ferruginea (Hochst.) Baker, Ehretum cymosa Thonn, Vepris
dainellii (Pichi. -Serm.) Kok., Trichilia dregeana Sond, Allophylus abyissinica (Hochst.) Radlk, Rothmania
urcelliformis (Hiern) Robyns, Dombeya torrida (J.F.Gmel.) Bamps and Maesa lanceolata Forssk
respectively (Table 6). This implies that, the tree species on the top ranks are the one with highest
preference by the household because of their burning efficiency and low ash contents.

However, selective cutting of those preferred species for charcoal production might have led to significant
decline and extinction of those indigenous species from the region. For example, Millettia ferruginea and
Vepris dainellii is one of the endemic and multipurpose plant species in Ethiopia, that requires effective
conservation as one prior species of the global biodiversity. Similarly, [46] reported a significant decline of
18 different preferred species from forest due to charcoal production in Nigeria, Burkina Faso, Mali, Niger
and Senegal. Selective use practices are the major causes for 11–20% deforestation in developing
countries [47]. Similarly, [48] reported that selective use of Swietenia macrophylla King in Ghana by 80%
of the households in two villages have led to extinction of the species. Furthermore, removing most
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preferred species and leaving woodlands of lower quality are the principal cause of deforestation in some
African country like Tanzania [49].

Table 6
Ranking index of wood tree species preference for charcoal production by charcoal producers

Preferred species Rank weight % Rank

1 2 3 4 5 6 7 8

Millettia ferruginea (Hochst.)
Baker

27 15 8 10 17 2 5 1 504 14.9 1

Ehretum cymosa Thonn. 13 20 27 3 9 8     481 14.2 2

Veprisdainellii(Pichi. -Serm.)
Kok.

17 13 8 22 12 0 6   445 13.1 3

Trichilia dregeana Sond 20 7 15 8 13 5 12 4 434 12.8 4

Allophylus abyissinica
(Hochst.) Radlk

10 12 17 17 9 10 4 6 431 12.7 5

Rothmania
urcelliformis (Hiern) Robyns

5 10 11 6 23 18 7   366 10.8 6

Dombeya torrida(J.F.Gmel.)
Bamps

3 9 17 15 16 11 0 2 363 10.7 7

Maesa lanceolata Forssk. 0 7 19 20 11 10 8 6 359 10.6 8

The key informants and FGD confirmed that Millettia ferruginea, Ehretum cymosa, Vepris dainellii,
Trichilia dregeana, Allophylus abyissinica, Rothmania urcelliformis, Linoviera latipetela and Maesa
lanceolata were the major preferred tree species because of high calorific value and burning efficieny.
Thus, charcoal produced from those species were highly demaned by households in the town and sold by
better price. Further, the field observation on Keja Araba kebele also confirmed that large number of
preferede species cutting remnants and low population of prefere tree species like Millettia ferruginea
around charcoal production sites. Besides, charcoal production methods using traditional kiln were also
inefficient and thereby demands high tree per production cylce.

According to [50], 63 m3 of green wood provides about 0.20 tons of charcoal and equal volume (63 m3)
of dried wood gives about 0.23 tons of charcoal processed in the traditional earth kilns. In this regard, to
produce an annual charcoal of 5448.8 tons in the study area, it requires about 1,716,372 m3 of green
wood and 1,492,497.4 m3 of dry wood from the forest in the production sites. Further, [33] reported that
an average of 18 trees having diameter at breast height of 32 cm required to produce 1.38 tons of
charcoal, and in this regard to produce an annual charcoal of 5448.8 tons, it requires a removal of 71,071
trees from the Kefa Biosphere Reserve forest per year. [1] reported that to satisfy the charcoal demand of
Addis Ababa city, about 899,818 trees were removed from the surrounding forest on yearly basis. This is
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the worst scenario of the forest removal and biodiversity loss emanates from the removal of specific
preferred trees species for charcoal production.

Implications On Atmospheric Carbon Emission
Charcoal production and supply have contributed its part in emission of carbon dioxide in to the
atmosphere. Model developed by different studies [31, 16, 32] indicated that, 0.001 tons of charcoal
production can emmit 0.0026 tons of CO2 equivalenete (CO2e). Thus, to produce an annual charcoal of
5448.8 tons supplied to Bonga town, a total of 14,166.9 tones of CO2 equivalents emitted to the
atmosphere per year from charcoal production sites of the study area. Similarly, [32] reported that
1,554,699 tones CO2e were emitted to atmosphere per year due to traditional charcoal production
technique in Kampala, which is higher than the CO2e emission from the charcoal production sites of the
study area. Charcoal production and burning is among the important environmental degrading practices,
as they emittes carbon monoxide, hydrocarbons and particulate matters toxic to the atmosphere, which
are all concerns to human health beyond their negative effects on the environment [1].

Conclusion
Charcoal production and supply are the sources of livelihood for millions of people in developing
countries. In Kefa zone, southwest Ethiopia, both men and women participated in charcoal production
and supply activities. Charcoal production and supply to Bonga town at the expense of Kefa Bisophere
reserve forest have led to forest degradation. Most importantly, the increasing demand for charcoal
produced from particular preferred tree species have led to decreases in the number of preferred species
in the forest. Among the top three preferred tree species for charcoal are Millettia ferruginea (Hochst.)
Baker, Ehretum cymosa Thonn. Vepris dainellii (Pichi. -Serm.) Kok, of which two, Millettia ferruginea and
Vepris dainellii, are endemic and multipurpose tree species of Ethiopia, that require effective in-situ
conservation. Further, charcoal production has led to an increase in greenhouse gas emission (CO2

emission).

Thus, the high dependency of the local community on charcoal production and supply in the study area,
have negative effects on Kefa Biosphere Reserve forest species diversity and local climate. Hence, it is
important to develop and implement an eco-friendly strategy that can simultaneously sustain the
livelihoods of the rural community, forest ecosystem and energy needs of urban dwellers.
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Figure 1

Map of the study area showing the location of studied kebeles. Base map source from ESRI image.

Figure 2

Household participation in charcoal production and supply
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Figure 3

Distance travel to charcoal producer site (km) (A) and number of charcoal production on kiln per month
(B)

Figure 4
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Respondent report of seasonal (winter and summer) charcoal production

Figure 5

Annual total number of charcoal supplied to Bonga town


